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INTRODUCTION

MULTI-BODY DYNAMICS PROGRAMS REQUIRE CHARACTERIZATION
OF EACH BODY

® RIGID BODY: GEOMETRY AND MASS PROPERTIES

® FLEXIBLE BDOY
o EXACT TYPE OF INPUT DEPENDS ON PROGRAM
o ALL INVOLVE MODAL CHARACTERISTICS IN SOME FORM
o ALWAYS NEED FOR MODAL TRUNCATION
e SYSTEMATIZE TRUNCATION PROCEDURE

GALILEO SPACECRAFT

SAS ACTUATOR  —ROTOR
(FLEXIBLE)

® ACTUATORS: SBA, SAS, THRUSTERS SCAN

PLATFORM THRUSTER
® SENSORS: GYROS, CLOCK AND CONE  (RIGID) B L/
ENCODERS, SUN SENSOR,
STAR SCANNER \ <——SBA ACTUATOR
GYROS- -1
® CLOCK (SBA) CONTROL LOOP IS ACTIVE G \«_STATOR
DURING ALL ATTITUDE CONTROL (FLEX| BLE)
MANEUVERS

o CLOCK CONTROLLER BANDWITCH=0.5 Hz
-® GYRO ROLLOFF FREQUENCY = 15 Hz
® NEED "ADEQUATE" MODEL OF PLANT FOR DESIGN AND SIMULATION
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TRUNCATION CRITERIA

@ CONTROL SYSTEM SPECIFICATIONS CAN SET TRUNCATION
CRITERIA AT SYSTEM LEVEL ONLY

e SYSTEM MODE WITH FREQUENCY ABOVE 15Hz CAN
BE DROPPED

o ELIMINATE MODES THAT DO NOT INTERACT
"STRONGLY" WITH THE CONTROL SYSTEM

SYSTEM LEVEL TRUNCATION

F

METHOD &/
MX +Kx=F (1)

X = ¢z (2)
X(s) = (st + o] ﬂ Fis) (3)
D

FOR RESPONSE AT i LOCATION DUE TO STEP INPUT AT
jLOCATION,

i L 3 2 2”
X;(s) = DijFj(s) = & [¢ik ¢jk Al [s(s o) (4)

I
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SYSTEM LEVEL TRUNCATION (CONT’D)

CONTRIBUTION OF kth MODE TO RESPON SE:

k 2. 2
Xj(s) = by by Al [s(s +wk)] )
OR
' 2y
X% =06y 65 Aley) [1-c0s (w,b] (6)

SINUSOIDAL RESPONSE WITH PEAK-TO-PEAK AMPLITUDE TO
K 2
Xp =2 0y oy M ey 1)
A MEASURE OF IMPORTANCE OF MODE K

APPLICATION TO GALILEO

A, 2, 3)

[

c(, 8 ‘ °
° B (4, 5, 6)
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APPLICATION TO GALILEO (CONT'D)

® AVAILABLE DATA
e EIGENVALUES, EIGENVECTORS FOR UP TO 60 MODES

® PLOT MODAL INFLUENCE COEFFICIENTS
® DISCARD MODES WITH "LOW" COEFFICIENTS

® USE BODE PLOT TO CHECK RESULTS

MODAL INFLUENCE COEFFICIENTS

SEA TO 3CAM CLOCK AHG=@ COMEC RHG=20

P A T A DA ST TR D S N I I T Y SR 8 S A

)
B 2 4 6 B8 19 12 14 16 18 PP 22 24 26 22 38 22 34 36 38 49 42 44 46 43 58 52 54 56 58 €8
MODE NUMBER
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MODAL INFLUENCE COEFFICIENTS  OF PooR quurrs

SBR TN ICAMN CLOCK ARHG=A CONE AHG=20
COEFF (SCALE :1=22 MICRORRD)
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FREQUENCY (H2)

BODE PLOT OF PLANT ALPHA = 0 BETA = 30

MAGNITUDE (DB)
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FREQUENCY (H2)
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BODE PLOT OF PLANT CLOCK = 0 CONE = 30

MODES 1-2,13,24 ,06,55,56,60
MAGNITUDE (DE)

—,
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1€-2 1E-1 1E® 1€1 12
FREQUENCY (HZ)

BODE PLOT OF PLANT ALPHA = O BETA = 30

MODES 1-8,13,22,24,26,41,55,%6,60
MAGNITUDE (DB)

2 :
1E-2 1E-1 1EQ 1€1 1E2
FREQUENCY (H2)
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TRUNCATION AT COMPONENT LEVEL

® AVAILABLE
o COMPONENT "FREE-FREE" MODES
e SYSTEM MODES TO BE RETAINED

® PROBLEM

e DETERMINATION OF "IMPORTANT' COMPONENT FREE-FREE
MODES FROM KNOWLEDGE OF SYSTEM MODES

® SOLUTION

e RETAIN THOSE COMPONENT MODES THAT "CONTRI BUTE
SUBSTANTIALLY" TO IMPORTANT SYSTEM MODES

COMPONENT LEVEL TRUNCATION (CONT'D)

M, X, +K =F A

A'A T "ATA A
BODY A
Xa = O Op D.O.F. = n, @) B
. 2 T
I, + @0y = & Fy
Mg Xy + Kgxg=Fg )
X = ¢ q BODY B
B BB ' D.OF =Ny O
mB+qu§= by Fy J
M + Kx = F COMBINED
x= 6g SYSTEM (10)
=n<(n, + n.)
i wfq- I | D-OF (ny+ Ny
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COMPONENT LEVEL TRUNCATION (CONT’D)

® SYSTEM AUGMENTED ¢ MATRIX = &
e SYSTEM MATRIX WITH SOME ROWS REPEATED

- , z
(%) [ %ece- et %
Xz ¢21 ¢22 e o o o o ¢2m QZ a
) XnA - ¢nAl ¢nA2- o o o o ¢nAm ) an { (11)
—— m—— — o — — — — — — — —— — — —r—— —
x ¢ o o ¢ o ¢ q
Ny nA+1’ 1 Nas,M Nail
X 6, S eeaae
\ nA+nB, I n no nm\ U
\ .
® PARTITION ¢ INTO ¢A AND ¢B 3

COMPONENT LEVEL TRUNCATION (CONT’D)
® DELETE COLUMNS OF & THAT CORRESPOND TO SYSTEM MODES
THAT WERE DROPPED
® REDUCED ¢ MATRICES: 8, AND $B

® USE $A AND $B AS TRANSFORMATION MATRICES FOR BODIES
A AND B RESPECTIVELY

AT AR AT AN AT
© Oy My Uyt B Ky 00y = 0 Fy (12)
A A AN AT
OR e MAqA+KAqA- A FA (13)
AN A A AT
o flgdy+R5h, - &1 F, 14)
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COMPONENT LEVEL TRUNCATION (CONT’D)

A B’ IQB NOT NECESSARILY DIAGONAL

® DIAGONALIZE VIA ANOTHER MODAL ANALYSIS

o M, K,, M
:A'

¢y = YT, (15)
(16)

L3
(o «]
t
| «
(v o]
L3
oo

COMPONENT LEVEL TRUNCATION (CONT’D)

B ARE DIAGONAL; THEY ARE ALSO SUB-MATRICES OF Wps Wp

RESPECTIVELY, AND CONTAIN FREQUENCIES OF COMPONENT MODES
TO BE RETAINED

® GA,?J

A A
® SIMILARLY <1>A = ¢A \IJA AND dJB = ¢B \I'B ARE SUBMATRICES OF

¢A AND ¢B' AND CONTAIN THE EIGENVECTORS OF COMPONENT
MODES TO BE RETAINED
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SUMMARY AND CONCLUSION

® DETERMINE SYSTEM MODES TO BE RETAINED USING
e AVAILABLE CRITERIA
e MODAL INFLUENCE COEFFICIENTS
e BODE

@ DESCEND TO COMPONENT LEVEL VIA A TWO-PHASE DIAGONALIZATION
PROCESS STARTING WITH SUBMATRICES OF TRUNCATED AUGMENTED
SYSTEM MODAL MATRIX

FUTURE WORK

® STREAMLINE SIMULATION CODES — ESPECIALLY DYNAMICS
FORMULATION METHOD

©® DEVELOP VERY EFFICIENT AND EASILY IMPLEMENTABLE
MODEL REDUCTION STRATEGY
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